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Title: FLUORESCENT DNA-J NTERCALAT1 NG CYANINE DYES INCLUDING 
A POSITIVELY CHARGED BENZOTHIAZOLE SUBSTTTUENT 



FIELD OF THg INX/gMTlftM 

The present invention relates generally to dyes for labelling nucleic adds. 
More specifically, the present invention relates to intercalating cyanine dyes for 
the detection and enumeration of nucleic adds. 

BACKGROUND OF THg tMVFMTTOM 

Intercalating dyes which exhibit enhanced fluorescence upon binding to 
DNA or RNA are a basic tod in molecular and cell biology. In general, 
intercalating dyes bind noncovalentfyto DNA through a combination of 
hydrophobic interactions with the DNA base-pairs and ionic binding to the 
negatively charged phosphate backbone. The fluorescence of the dye is 
ideally increased several-fold upon binding to DNA, thereby enabling the 
detection of small amounts of nucleic adds. Examples of fluorescent 
noncovalent DNA binding dyes include ethidium bromide which is commonly 
used to stain DNA in agarose gels after gd electrophoresis, and propidium 
iodide and Hoechst 33258 which are used in flow cytometry to determine the 
DNA ptddyofceOs. 

Fluorescent nudeic add labefling dyes preferably absorb Bght between 
about 300 and 900 nm and preferably have a Stokes shift of at least about 10 
nm. Dyes that absorb Bght in the 600 to 900 nm range are preferred because 
they are spectrally removed from other components that may be present in a 
Wdogical sample and because they may be used with inexpensive light 
sources. Fluorescent dyes that have a high extinction coefficient, a high 
quantum yield, and significantly enhanced fluorescence when bound to a 
nudeic add are also preferred. 

Few new dye chromophores were described until the introduction of 
Thiazole Orange as a reticulocyte stain in 1986. Lee, et a!., Thiazole Orange: 
A New Dye for Reticulocyte Analysis". Cytometry 1986 7, 508-517. Thiazole 
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Orange is an asymmetric cyanine dye. Although many asymmetric cyanine 
dyes nave been described in the art (e.g., Lincoln, et al. ( U.S. Patent No. 
3.282,032). Thiazole Orange's fluorescence properties when bound to ONA 
and RNA and its utility for labelling nucleic acids had not been previously 
identified. Lee. et al.. U.S. Patent No. 4.057,870. For example, unlike most 
asymmetric cyanine dyes. Thlazole Orange exhibits a several thousand-fold 
enhancement m fluorescence upon binding to DNA. 

Since the discovery of Thiazote Orange as a nudeic acid dye, several 
Improvements to Thlazole Orange and Its trimethlne homologs have been 
developed to provide dyes with tighter binding to DNA and greater water 
solubility. Xue, et al. U.S. Patent No. 6.321,130 and Glazer, et al. U.S. Patent 
No. 5.312,021. These dyes generally involve a modification to the quinofinium 
portion of the dye. 

A continuing need exists for new and Improved dyes for labelling nudeic 
adds. In particular, a need exists for dyes which exhibit longer wavelengths 
and significantly enhanced fluorescence when bound to DNA or RNA 
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SUMMARY OF THE INVENTION 

The present invention relates asymmetric cyanine dyes for norv 
covalently labelling nucleic adds in which the benzothiazole portion of the dye 
has been modified to provide improved physical properties to the dye, such as 
longer wavelengths and improved fluorescence enhancement when bound to 
DNAorRNA. 

More specifically, the invention relates to fluorescent cyanine dyes 
having a positively charged substituent attached to the positively charged 
nitrogen on the benzothiazole portion of the cyanine dye. This class of 
fluorescent cyanine dyes are represented by the general formula 



preferably a positively charged aminoaOcyl substituent; 

Rt* R« and may each independently be either 
hydrogen, C t - C„ alkyl, C, - C w alkoxy, or C, - C 10 alkytthio; 

Rtj and R^ may optionally be taken together to form a 5, 
6, 7 or 8 membered ring; 

Rt, may be a C, - Cr, alkyl, preferably substituted wfth 
one or more polar substituenta which preferably includes one or more 




where: 



hlsO, 1 or 2; 

Y may be either S or O; 

Re is a positively charged alkyl substituent, more 
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positively charged atoms, or a cydized fluorescent cyanlne dye of the 
present invention, Le., where R,, Isa linker between two cydized 
fluorescent cyanlne dyes; 

R„ and R„ may each independently be either H or C wo 
aDcyl, or may be taken together to term a 5 or 6 membered ring, most 
preferably a 6 membered aromatic ring, optionally substituted with C M 
alkyl or C,-C 10 alkoxy groups; 

R» and R* may each independently be either H or C W9 
alkyl, or may be taken together to form a 5 or 6 membered ring, most 
preferably a 6 membered aromatic ring, optionally substituted with C, - 
Cv, alkyl or C M aOcoxy groups; and 

R* may be either H. C M alkyl, C, - C w aikoxy or a fused 

benzene. 

As used above, alkyl and aikoxy refer to any substituent having a carbon 
backbone having the specified range of carbon atoms. The carbon backbone 
may form a straight chain, may be branched or may be cyclic. The alkyl and 
aikoxy groups may be optionally substituted by a wide variety of substituents 
including, for example, alcohols, amines, thiols, phosphates, bailees, ethers, 
esters, ketones, aldehydes, caiboxyOc adds, arnktes, cydoalkyls, and aromatic 
rings. 

In general, R„ can be an aminoalkyl chain containing a backbone of 3- 
42 carbons and 1-5 positively charged nitrogen atoms as described In U.S. 
Patent No. 5,321 ,130 to Yue, et al which is incorporated herein by reference. 
In addition to the positively charged substituents described In U.S. Patent No. 
5,321,130. Rate also intended to include aminoalkyl chains Including a 
positively charged cyclic aminoalkyl group having 1-5 positively charged 
nitrogen atoms. 

In a preferred embodiment. R,, has the general formula -R 28 N(R If R x R J1 ) 
where R» is a C M alkyl and R*. R*. and R,, are each Independently a C,., 0 
alkyl. 
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In an alternate preferred embodiment, R„ and R„ are taken together to 
form a 5, 6, 7 or 8 membered ring where the ring includes a positively charged 
alkyi substituent, more preferably an amlnoalkyl chain containing a backbone 
of 3-42 carbons and 1-5 positively charged nitrogen atoms as described in 
U.S. Patent No. 5,321,130 to Yue. et al. Dyes of this embodiment may be 
generally represented by the general formula 




where R, 2 and R„ represent the atoms necessary to form a 5, 6, 7 or 8 
membered ring and is a positively charged alkyi substituent as specified 
above with regard to R^, which may be attached to any atom used to form the 
5, 6, 7 or 8 membered ring as represented by R^ and R«. 

As used above, aOcyi and aikoxy refer to any substituent having a carbon 
backbone having the specified range of cartoon atoms, whether substituted or 
unsubstituted. The alkyi and aikoxy groups may be optionally substituted by a 
wide variety of substttuents including, for example, alcohols, amines, thiols, 
phosphates. naOdes. ethers, esters, ketones, aldehydes, carboxyHc adds, 
amides, cydoalkyls, and aromatic rings. 

The invention also relates to the composition of a cyanine dye of the 
present invention non-covalentty bound to a nucleic add sequence, i.e., RNA 
or DNA, which enables the nucleic add sequence to be analytically detected. 
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The invention also relates to a method for detecting nucleic adds In a 
sample by contacting the nucleic adds with a fluorescent cyanine dye of the 
present invention and monitoring the change in fluorescence emission of the 
dye. 

5 DETAILED DESCRIPTION! r>P t he INVENTION 

The present Invention relates asymmetric cyanine dyes for non- 
covalentfy labelling nucleic adds in which the benzothiazde portion of the dye 
has been modified to provide improved physlcai properties to the dye, such as 
longer wavelengths and improved fluorescence enhancement when bound to 
10 DNAorRNA. 

In one embodiment, the present invention relates to cydized fluorescent 
cyanine dyes generally represented by General Formula I 



where: 

n is 0,1 or 2; 

Y may be either 6 or O; 

R, and R, are taken together to form a 5, 6, 7 or 8 membered 

ring; 

R» and R, may each independently be either hydrogen, C, - C 10 
alkvl, C, - C 10 alkoxy, or C, - C 10 alkytthlo; 

R, may be a C, - C M alkyl. preferably substituted with one or 
more polar substttuents which preferably indudes one or more positively 
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charged atoms, or a cydized fluorescent cyanine dye of the present invention, 
i.e., where R« is a linker between two cydized fluorescent cyanine dyes; 

R, and R T may each independently be either H or C w0 alkyl, or 
may be taken together to form a 5 or 6 membered ring, most preferably a 6 
5 membered aromatic ring, optionally substituted with C M alkyl or C, - C 10 alkoxy 
groups; 

R, and R, may each independently be either H or C wo alkyl, or 
may be taken together to form a 5 or 6 membered ring, most preferably a 6 
membered aromatic ring, optionally substituted with C*, alkyl or C, - C 10 alkoxy 
10 groups; and 

R, 0 may be either H, C„ alkyl, C t - C tt alkoxy or a fused 

benzene. 

As used above, alkyl and alkoxy refer to any substttuent having a carbon 
backbone having the specified range of carbon atoms. The carbon backbone 
15 may form a straight chain, may be branched or may be cyclic. The alkyl and 

alkoxy groups may be optionally substituted by a wide variety of substituents 
induding, for example, alcohols, amines, thiols, phosphates, haOdes, ethers, 
esters, ketones, aldehydes, carboxyUc adds, amides, cydoaikyts, and aromatic 
rings. 

20 The cydized cyanine dyes of the present invention provide the 

advantage over previous cyanine dyes of having higher absorbance and 
emission wavelengths. The cydized cyanine dyes preferably absorb light at a 
wavelength of at least about 640 ran, more preferably at least about 649 nm 
and emit fluorescence at a wavelength of at least about 650 nm, more 

25 preferably at least about 663 nm. The cydized cyanine dyes also preferably 
have a positive Stoka's shift - Jw) of at least about 1 2 nm. 

In particular, cydized cyanine dyes having General Formula I where R, 
and R, are taken together to form a 5, 6. 7 or 8 membered ring have been 
found to absorb light and fluoresce when bound to a nudeic add polymer at 

30 unexpededly higher wavelengths than has been previously achieved by 

cyanine dyes where R, and R, do not form a ring structure. 
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Fluorescent cyanine dyes having the General Formula I where R, and R, 
are taken together to form a 7 membered ring have also been found to have 
the greatest Stake's shift 

(Vim— i ' Km)- 
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TABLE 1: Absorbance and Emission Maxima of Intercalating Dyes 
in PBS with Excess ONA ( [bp]/[dye] « 100) 



COMPOUND 




649 



Em&M EL. 



100X 



654 



654 



667 



672 



100X 



30X 



675 



690 



200X 



641 



100X 



15 



AbSw, - Absorbance maximum (bound to DNA) 

Emsoa, - Emission maximum (bound to DNA) 

F.E. - fluorescence enhancement (bound vs. not bound to DNA or RNA) 

• Compound 5 is taught in U.S. Patent No. 5,321 , 130 to Yue, et al. 



-8- 

SUBSTITUTE SHEET (HULE 26) 



WO 97/17076 



PCT/US96/17942 



Table 1 summarizes the absorbance maximum and fluorescence 
emission maximum wavelengths (both when bound to ONA) of some 
exemplary cydized cyanine dyes of the present invention. 

As illustrated in Table 1, It was found that the addition of a cyclic aliphatic 
side chain to the basic cyanine dye structure, i.e., formation of a 54 
membered ring by combining R, and R,, was found to increase the absorbance 
and fluorescence emission wavelengths of the corresponding acyclic cyanine 
dye by about 12 nm. For example, as shown with regard to dyes 2 and 6, dye 
2 has an Abs^ at 654 nm as compared to 641 nm and an Ems«„ at 667 nm 
as compared to 655 nm. In addition, dye 4 is the longest wavelength 
trimethine intercalating dye yet reported. 

With regard to n. n may equal 1. Accordingly, the present invention 
includes cydized cyanine dyes having the General Formula II 
(i.e. where n ■ 1) 




II 



where Y. Ri.R2.Rs.R4, R«, R,, R,, R,, R, and R, 0 are as specified above. 

Y may be either 8 or O. and is most preferably 8. 

R, and R4 may each independently be either hydrogen, C, - C 10 alky!, C, 
• C, 0 atkoxy, or C, - C f0 alkytthio, and are preferably H. 

R« may be a C, - C M alkyl. Since ONA and RNA to which the cydized 
cyanine dyes bind contain negatively charged phosphate backbones, it is 
preferred that R, be substituted with one or more polar substituents. It is most 
preferred that R, include one or more positively charged atoms in the polar 

-8- 
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substituent U.S. Patent No. 5,321,130 to Yue, et al. teaches unsymmetncal 
cyanine dyes having an amino alkyl chain containing a backbone of 3-42 
caibons and 1-5 positively charged nitrogen atoms. The cationic taO described 
in U.S. Patent No. 5,321,130 exemplifies one of the positively charged R, 
substituents that may be used in combination with the cyclic cyanine dyes of 
the present invention and is incorporated herein by reference, in addition to 
the positively charged R, substituents described in U.S. Patent No. 5,321,130, 
Rtjis also Intended to include aminoalkyl chains indufing a positively charged 
cyclic aminoaDcyi group having 1-5 positively charged nitrogen atoms. 

Alternatively, may form part of a linker between two eyefeed 
fluorescent cyanine dyes as Blustrated by General Formula IV 




IV 



According to this embodiment, Y, R,, R,, R* R«. R*Rt,R,,R, and areas 
specified above. It should be noted that the two linked cyanine dyes may be 
the same or different cyanine dyes. In general, it Is preferred that the linked 
cyanine dyes be the same since different dyes will have different spectral 
properties. 

R» and R y may each independently be either H, alkyl, or are taken 
together to form a 5 or 6 membered ring, most preferably a 5 or 6 membered 
aromatic ring, optionally substituted with C M alkyl or C, - C M alkoxy groups. 

R, and R, may each independently be either H, C wp alkyl, or are taken 
together to form a 5 or 6 membered ring, most preferably a 5 or 6 membered 
aromatic ring, optionally substituted with C M alkyl or C, - C 10 alkoxy groups. 

In general, it is preferred either R, and R 7 or R, and R, are taken 
together to form a 5 or 6 membered aromatic ring, optionally substituted with 

• 10- 
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C M alkyt or C, - C w alkoxy groups. The R, and R T or R, and R, groups that do 
not fomi the aromatic ring are preferably H. 

R, 0 may be either H, C M alkyt, C, - C 10 alkoxy or a fused benzene. 

In a particularly preferred embodiment, the cydized cyanine dye has the 
General Formula V where the ring formed by R, and R, includes a positively 
charged substituent R„ As discussed herein, inclusion of a positively charged 
substituent, such as R„ , to a substituent on the positively charged nitrogen on 
the benzothiazole ring improves the net fluorescence enhancement of the dye 
withDNA. 




Rjt is a positively charged alkyt substituent which may be attached to any atom 
used to form the 5, 6, 7 or 8 membered ring. is more preferably a 
positively charged aminoalkyi substituent For example, R,, can be an 
aminoalkyl chain containing a backbone of 3-42 carbons and 1-5 positively 
charged nitrogen atoms as described in U.S. Patent No. 5,321,130 to Yue. et 
al. which is incorporated herein by reference. In addition to the positively 
charged substituents described In U.S. Patent No. 5,321,130, R„is also 
intended to include aminoalkyl chains including a positively charged cyclic 
aminoalkyl group having 1-5 positively charged nitrogen atoms. 
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In a preferred embodiment. has the general formula -R»N(R a R J0 R, 1 ) 

where R„ te a C M alkyl and R,,, and R,, are each Independently a C wo 
alkyl. 

Table 2 provides examples of some of the preferred cydized cyanlne 
dyes. It should be understood, however, that the dyes listed in Table 2 are 
Intended only to exemplify the cydized cyanine dyes of the present invention 
and are not Intended to be limiting. 
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TABLE 2 
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The present invention also relates to fluorescent cyanine dyes having a 
positively charged suhstituent attached to the positively charged nitrogen on 
the benzothiazole portion of the cyanine dye. These fluorescent cyanine dyes 
are represented by General Formula VI 




VI 



where 

nlsO, 1or2; 

Y may be either S or O; 

Ro is a positively charged alkyl substituent, more 
preferably a positively charged amtnoalkyi suhstituent; 

Ru, R M and R,| may each Independently be either 
hydrogen, C, - C* alkyl, C, - C w aikoxy, or C, - C 10 aikytthlo; 

Rn and R,, may optionally betaken together to form a 5. 
6, 7 or 8 membered ring; 

R* may be a 0,-0* alkyl, preferably substituted with 
one or more polar substituents which preferably includes one or more 
positively charged atoms, or s cycHzed fluorescent cyanine dye of the 
present invention, Le., where R« is a linker between two cydized 
fluorescent cyanine dyes; 

Ri T and R,, may each independently be either H or C w0 
alkyl, or may be taken together to form a 5 or 6 membered ring, most 
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preferably a 5 or 6 membered aromatic ring, optionally substituted 
wfth C M alkyi or C, - C, 0 alkoxy groups; 

R» and R,o may each independently be either H or C,. 10 
alkyl. or may be taken together to form a 5 or 6 membered ring, most 
5 preferably a 5 or 6 membered aromatic ring, optionally substituted 

with C M alkyl orC, - C 10 alkoxy groups; and 

R* may be either H, C M alkyi, C, - C 10 alkoxy or a fused 

benzene. 

As used above, alkyi and alkoxy refer to any substituent having a carbon 
10 backbone having the specified range of carbon atorrw. Trw carbon backbone 

may form a straight chain, may be branched or may be cycDa The alkyi and 
alkoxy groups may be optionally substituted by a wide variety of substituents 
including, for example, alcohols, amines, thiols, phosphates, halides. ethers, 
esters, ketones, aldehydes, carboxytic acids, amides, cydoalkyis. and aromatic 
15 rings. 

With regard ton, It is noted that n may equal 1. Accordingly, an 
embodiment of the present invention includes cyanine dyes having the General 
Formula VII (i.e. where n * 1) 
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where Y, R,,, R,,, R^'R,,, R 16 , R,,, R 1 „ R,,, R,, and R* are as specified 
above. 
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With regard to dyes having General Formula VI or VII, Y may be either S 
or O and is most preferably S. 

R„ can be an aminoalkyl chain containing a backbone of 3-42 carbons 
and 1-5 positively charged nitrogen atoms as described In U.S. Patent No. 
5,321,130 to Yue, et al. which is incorporated herein by reference. In addition 
to the positively charged substftuents described In US. Patent No. 5,321,130, 
R, 2 is also Intended to include aminoalkyl chains including a positively charged 
cyclic aminoalkyl group having 1-5 positively charged nitrogen atoms. 

In a preferred embodiment, R,, has the general formula J R t JN(RzJR a JR M ) 
where Rjj is a C M aikyl and Rj* R^, and R*, are each independently a C M0 
alkyl. 

In an alternate preferred embodiment, R,, and are taken together to 
form a 5, 6, 7 or 8 membered ring where the ring includes a positively charged 
alkyl substituent, more preferably an aminoalkyl chain containing a backbone 
of 3-42 carbons and 1-5 positively charged nitrogen atoms as described in 
U.S. Patent No. 5,321,130 to Yue, et al. Dyes of this embodiment may be 
generally represented by General Formula VIII 




where R,, and R„ represents the atoms necessary to form a 5, 6, 7 or 8 
membered ring and Rj, is a positively charged substituent, as specified above 
with regard to R«, which may be attached to any atom used to form the 5. 6, 7 
or 8 membered ring as represented by R,, and R,,. In this regard, these dyes 
are equivalent to the dyes described above having the General Formula V. 
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Rm and R„ may each independently be either hydrogen, C, - C M alkyl. 
C, - C„ alkoxy, or C, - C 10 alkytthlo. and are preferably H. 

R,, may be a C, - Cs, alkyl. Since DNA and RNA to which the cyclized 
cyanine dyes bind contain negatively charged phosphate backbones, it is 
preferred that R, 9 be substituted with one or more polar substituents. It is most 
preferred that R 19 include one or more positively charged atoms in the polar 
substituent, such as is specified with regard to above. 

The cyanine dyes according to General Formula VI, Le., dyes where a 
positively charged substituent is positioned off the nitrogen of the 
benzothJazoie portion of the dye, provide the advantage over previous cyanine 
dyes of exhibiting a significantly larger net fluorescence enhancemert with 
DNA than cyanine dyes where a positively charged suostituent is positioned at 
Rw alone. 

The use of intercalating dyes for staining cell nuclei requires that the dye 
itself be membrane-permeable or that a membrane permeabS Wng step be 
incorporated into the sample preparation. In general, dyes with more than one 
charge are not membrane permeable. Methods for enabling charged 
molecules and very large molecules into cells include the use of chemicals, 
such as digHonin, freeze-thaw cefl lysis steps, or the use of non-tonic 
detergents such as TRITON X-100. For speed and simplicity. It is preferred to 
add approximately 9mM TRITON X-100. 

The presence of a detergent solution (TRITON X-100) causes significant 
fluorescence enhancement of the dyes as compared to in PBS buffer. An 
Increase In detergent-enhanced fluorescence (F^nJF^J has the effect of 
decreasing the net DNA enhanced fluorescence over detergent-enhanced 
background fluorescence ^aJFy^. The detergent-enhanced fluorescence 
is believed to increase with Increasing hydrophobidty. 
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TABLE 3: Fluorescence Ratios of Dyes In Buffer, 
TRITON X-100 and DNA Solutions 



EtwtonEpw Eona/Epbs EonaZEi 



10 70 
8 18 70 40 



• Compounds 5 and 7 are taught In U.S. Patent No. 5,321,130 to Yue, et al. 
10 • Compound 6 is taught in U.S. Patent No. 4.957,870 to Lee, et al. 



Fluorescence enhancement of the dyes upon binding to an excess of 
DNA was found to be fairly constant regardless of how the qumotinium ring 
side chain was modified (RJ. Advantageously, however, it was found that 
inclusion of a positively charged substituent off the positively charged nitrogen 
15 of the benzothiazole portion of the dye (General Formula VI) causes the dye to 

exhibit a significantly larger net DNA-enhancement than the positioning of a 
positively charged substituent at R,, alone. As a result, smaller concentrations 
of nucleic adds can be detected using cyanine dyes having General Formula 
VI. 
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For example, Table 3 compares the fluorescence ratios of dyes in a 
saline buffer, a detergent (TRITON X-100) and in a ONA solution. Dye 
solutions (1.0 MM) were prepared in phosphate buffered saline (PBS), in PBS 
with TRITON X-100 (9mM), and in PBS with double-stranded ONA (100 M M). 

Table 3 shows the effect of various side chains on the fluorescence 
background in TRITON X-100 (9mM). As illustrated in Table 3, the net ONA 
enhanced fluorescence over detergent-enhanced background fluorescence 
(Fow/Fwton) was found to be a factor of 5 greater in dye 8 than in dye 7. This 
result is unexpected since the net charge of 3* is the same for both dyes 7 anc 
8. It appears that both the location and quantity of charges affect the 
fluorescence enhancement of the dyes. 

The cyanine dyes according to General Formula VI preferably absorb 
Pght at a wavelength of at least about 640 nm, more preferably at least about 
649 nm and emit fluorescence at a wavelength of at least about 650 nm, more 
preferably at least about 663 nm. The cyanine dyes also preferably have a 
positive Stake's shift - j^j of at least 11 nm. 

Table 4 provides examples of some of the preferred cyanine dyes having 
General Formula VI. It should be understood, however, that the dyes listed in 
Table 4 are Intended only to exemplify the cyanine dyes of the present 
invention and are not intended to be limiting. 
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TABLE 4 
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TABLE 4 (cont) 
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The present invention also relates to the use of the cyanine dyes having 
General Formulas I. II, IV, V, VI, VII or VIII to form compositions for detecting 
the presence of nucleic adds m a sample. In general, the compositions 
Include a cyanine dye according to the present invention non-covalently bound 
to a nucleic acid, le., DNA or RNA. 

The fluorescence of the cyanine dyes of the present invention 
significantly increase when bound to a nucleic add. As a result, it is possible 
to qualitatively or quantitatively determine the presence of nucleic adds in a 
sample by monitoring the change in the fluorescence intensity of the dye at a 
wavelength corresponding to the composition of the dye bound to the nudeic 
adds. Use of cyanine dyes in general for detecting the presence of nudeic 
acids in a sample is known in the art. A discussion regarding the use of 
cyanine dyes to detect the presence of nucleic acids in a sample is provided in 
U.S. Patent No. 5.321 ,130 to Yue, et at which is incorporated herein by 
reference. 

The present invention also relates to a method for detecting nucleic adds 
by contacting the nudeic adds with a cyanine dye of the present invention. 
According to the method, a sample of nucleic adds are contacted with a 
cyanine dye of the present invention in order to form the composition of a 
cyanine dye non-covalently bound to a nudeic add sequence. After the dye- 
nudeic add sequence composition is formed, the bound dye is exposed to 
Hght having a wavelength near an absorbance maximum of the dye when 
bound to a nucleic add sequence. The resulting fluorescence emission of the 
dye is then detected in order to qualitatively or quantitatively determine the 
presence of nucleic adds In the sample. 
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1a. 
Bromkte 



Preparation of 2,3-Tetramethytenanaph^ 



Ot sh 



NH2 a 




Br* 



2-Aminonap«halene-1 -thiol was prepared by the method of Ambrogi, et 
aU (Ambrogi, V.; GrandoQni, G.; Perfofl, L; Rossi, C. Synthesis, 1992, 7, 656- 
8.) 2-Aminonaphthalen«-1-thk>l (0.14 g, 0.8 mmoO and bromovaieiyi chloride 
(0.48 g, 2.4 mmoQ wen combined and heated to 100° tor 1 h, thento60°C 
ovemlghL The resuiting solid was washed wfth acetone and air-dried to 
provide a white solid (0.16 g, 0.5 mmol. 60% yield). 
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1b. Preparation of lodoNAP6 




4K2%Acetan^<>vtnyrHH3 , -todo^ iodide (prepared by 

the general method of Brooker, et at. J. Am. Cham. Soc 1941, 63. 3182-3203; 
32 mg, 63 ^noQ. 2.3-tetraiTtethyienenaphthr2, 1-dlthiazofium bromide (20 mg, 
5 63 pmoi). triethytamine (40 *L) and ethanol (1 mL) were combined and refluxed 
for 20 min. The dark blue so6d was recrystaflfced sequentially from 
isopropanoi and ethanol to provide a purple aoOd (12 mg, 30% yield). HPLC 
analysis on a C8 reverse-phase column using gradient ekition of 40% to 80% 
acetonttriie vs. 0.1 M triethytammonium acetate buffer showed one major peak 
10 at16min. 



1c Preparation of Compound 4 




lodoNAP6 (2 mg, 3 pmol) was dissolved in dimethytformamide. 
Trimethylamlne was bubbled through the solution. The reaction was monitored 
by thin layer chromatography on silica gel with methanol as the eluant. The Rf 
values of lodoNAPS and compound 4 were 0.5 and zero, respectively. After 
30 min, reaction was complete. The solvent was evaporated and the residue 
partitioned between methylene chloride (CH a cy and water. The aqueous 
layer was washed with 2 x 1 mL CH,CI, and concentrated to dryness. HPLC 
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5 



10 



analysis with the same gradient that was used with iodoNAPO showed one 
broad peak at 7.2 min with no apparent starting material. The absorfoance 
maximum of compound 4 In methanol was at 667 run. 

Example 2: Pr»»namttn n of Comnnim^ ft 



2a. Preparation of 1\ 1"-(3\ 3"^isicdopiopyiHhla-4-carboc^ 
Iodide 




1X3M<>o\)pn>Dy0-2Kr-acetai^ iodide (15 mg. 26 

*nol). 1 , K3 , 4odo|jropylH^rwinium iodide (15 mg, 34 *mol), triethyiamine (50 

and methanol (1 mL) were combined at room temperature. A blue 
precipitate formed immediately. The reaction mixture was centrifuged and the 
residue washed with methanol and isopropanol and air-dried to provide a dark 
solid (15 mg, 20*mol, 77% yield). 
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2b. Preparation of Compound 8 




1\ r-<3\ 3"-BlslodopropyO^Wa^aibocyanln« iodide (15 mg, 20 pmol) 
was dissolved in OMF and trimethytamine bubbled through the solution.' The 
reaction progress was monitored by TLC on reverse-phase plates with 1:1 
dirnethytfomiamiderf M NaCI as eluant The Rfs of the bisiodo starting 
material and the bisammonium salt were 0 and 0.8, respectively. The 
intermediate monoammonium salts could also be resolved, at Rfa of 0.7 and 
0.6. After 30 min the reaction was complete. The solvent was evaporated. 
The absorbance maximum of compound 8 in DMSO was at 639 nm. 

While the present invention is disclosed by reference to the preferred 
embodiments and examples detailed above, it is to be understood that these 
examples are intended in an illustrative rather than Bmiting sense, as It is 
contemplated that modifications wfli readliy occur to those skilled in the art, 
which modifications wfll be within the spirit of the invention and the scope of the 
appended claims. 
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What is claimed Is: 

1 . A fluorescent cyanine dye having the general formula 




nisO, 1 or 2; 

Y is selected from the group consisting of S and O; 
Rts is a positively charged alky! substituent; 
R,,, and are each independently selected from the group 
consisting of hydrogen, C, - C 10 alkyl. C, - C w aikoxy, and C, - C 10 alkylthio; 
Ru is a C t • Cgo alkyl; 

R 17 and R,, are each independently selected from the group 
consisting of H and C V10 alkyl, or are taken together to form a 5 or 6 membered 
ring; 

Ru and R* are each independently selected from the group 
consisting of H and C V10 alkyl, or are taken together to form a 5 or 6 membered 
ring; and 

R*, is selected from the group consisting of H, C M alkyl, C, - C 10 
aikoxy and a fused benzene. 

2. The fluorescent cyanine dye of claim 1 wherein R,, includes an 
aminoaikyl chain containing a backbone of 3-42 carbons and 1-5 positively 
charged nitrogen atoms. 
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1 
2 

1 
2 
3 

1 

1 

1 
2 

1 
2 

1 

2 

1 



3. The fluorescent cyanine dye of claim 1 wherein R„ is a positively 
charged cyclic aminoalkyl group having 1-5 positively charged nitrogen atoms. 

4. The fluorescent cyanine dye of daim 1 wherein R„ has the 
general formula -RmNCR^RjqR,,) where R» Is a C M aBcyl and R„, R„, and R,, 
are each independently a C wo alkyl. 

5. The fluorescent cyanine dye of daim 1 wherein Y is 8. 

6. The fluorescent cyanine dye of daim 1 wherein Y is O. 

7. The fluorescent cyanine dye of daim 1 wherein R, T and R„ or R w 
and Rjo are each H. 

8. The fluorescent cyanine dye of daim 7 wherein R 1T and R„ or R 19 
and Rjo are taken together to form a 6 or 6 membered ring. 

9. The fluorescent cyanine dye of daim 8 wherein the ring formed 
by R, 7 and R,, or R,, and Rjo is a 6 membered aromatic ring. 

10. A fluorescent cyanine dye having the general formula 
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wherein: 

Y is selected from the group consisting of S and O; 
R„ Is a positively charged alkyi substrtuent; 
R,,. R M and R, 8 are each independently selected from the group 
consisting of hydrogen, C, - C t0 atkyl, C, - C 10 alkoxy, and C, - C t0 atkyfthio; 
R« is a C»- C« alkyi; 

R,, and R,, are each independently selected from the group 
consisting of H and C V10 alkyl, or are taken together to form a 5 or 6 membered 
ring; 

R,, and R,, are each independently selected from the group 
consisting of H and C„, alkyl, or are taken together to form a 5 or 6 membered 
ring; and 

Rp is selected from the group consisting of H, C M alkyl. C, - c 10 
alkoxy and a fused benzene. 

11. The fluorescent cyanine dye of daim 10 wherein R,, Includes an 
aminoalkyi chain containing a backbone of 3-42 carbons and 1-5 positively 
charged nitrogen atoms. 

12. The fluorescent cyanine dye of daim 10 wherein R, 2 is a 
positively charged cyclic aminoalkyi group having 1-5 positively charged 
nitrogen atoms. 

13. The fluorescent cyanine dye of claim 10 wherein R,, has the 
general formula *R«N(R a R n R m ) where R* is a C M alkyl and R^, R^, and R„ 
are each Independently a C M0 alkyl. 

14. The fluorescent cyanine dye of daim 10 wherein Y Is S. 

15. The fluorescent cyanine dye of claim 10 wherein R 17 and R„ or 
R,, and Rj, are each H. 
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16. The fluorescent cyanine dye of daim 15 wherein and R,, or 
R„ and Rjo are taken together to form a 5 or 6 membered ring. 

17. The fluorescent cyanine dye of claim 16 wherein the ring formed 
by R, T and R„ or R,, and Is a 6 membered aromatic ring. 

1 8. A fluorescent cyanine dye having the general formula 




wherein: 

n is 0,1 or 2; 

Y is selected from the group consisting of 8 and O; 

Rn and R* represent the atoms necessary to form a S, 6, 7 or8 
membered ring! 

R^ and R„ are each independently selected from the group 
consisting of hydrogen, C, - C 10 aikyt, C, - C w alkoxy and C, - C, 0 alkylthlo; 

R,, Is a C, - Cjo alkyi; 

R,r and R« are each independently selected from the group 
consisting of H and C v « alkyi, or are taken together to form a 5 or 6 membered 
ring; 
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14 R,, and Rjo are each Independently selected from the group 

15 consisting of H and C V10 alkyl, or are taken together to form a 5 or 6 membered 

16 ring; 

17 R* te selected from the group consisting of H, C„ alkyl, c, - C 10 

18 alkoxy and a fused benzene; and 

19 Rjt is a positively charged alkyl substituent which may be 

20 attached to any of the atoms forming the 5. 6, 7 or 8 membered ring as 

21 represented by R„. 

1 19. The fluorescent cyanine dye of claim 18 wherein Includes an 

2 amlnoalkyl chain containing a baddwrw of 3-42 carbons and 1-5 positively 

3 charged nitrogen atoms. 

1 20. The fluorescent cyanine dye of claim 18 wherein Rj, is a 

2 positively charged cyclic amlnoalkyl group having 1-5 positively charged 

3 nitrogen atoms. 



21. The fluorescent cyanine dye of daim 1 8 wherein has the 
general formula -R»N(R»R»Rji) where Ra is a C M alkyl and R,,, R^, and R,, 
are each Independently a C M0 alkyl. 

22. The fluorescent cyanine dye of claim 18 wherein Y is S. 

23. The fluorescent cyanine dye of daim 18 wherein R, 7 and R„ or 
R i , and R,,, are each H. 

24. The fluorescent cyanine dye of claim 23 wherein R, 7 and R„ or 
R„ and Rj,, are taken together to form a 5 or 6 membered ring. 

25. The fluorescent cyanine dye of daim 24 wherein the ringformed 
by R, T and R,, or R,, and Rj,, Is a 6 membered aromatic ring. 
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26. A composition comprising: 

a fluorescent cyanine dye noncovalently bound to a nucleic acid polymer, 
the fluorescent cyanine dye having the general formula 




nte0,1or2; 

Y is selected from the group consisting of S and O; 
R, s Is a positively charged aikyl substituent 
Rn.Ru and are each independently selected from the group 
consisting of hydrogen, C, • C, 0 aikyl, C, - C 10 alkoxy and C, - C 10 alkytthio; 
Rw te a C, - aikyl; 

Rfj and R,| are each independently selected from the group 
consisting of H and aikyl, or are taken together to form a 5 or 6 membered 
ring; 

R,, and R,o are each independently selected from the group 
consisting of H and C M0 aikyl, or are taken together to form a 5 or 6 membered 
ring; and 

R* is selected from the group consisting of H, C M aikyl, C, - C 10 
alkoxy and a fused benzene. 



-33- 

SUBSTITUTE SHEET (RULE 26) 



WO 97/17076 



PCT/US96/17942 



27. The composition of dalm 26 wherein R„ includes en amlnoalkyl 
chain containing a backbone of 3-42 carbons and 1 -5 positively charged 
nitrogen atoms. 

28. The composition of dalm 26 wherein R, , is a positively charged 
cyclic amlnoalkyl group having 1-5 positively charged nitrogen atoms. 

2g. The composition of claim 26 wherein R,, has the general formula 
-RmNOW**) where R» is a C M alkyl and R„, R^, and R* are each 
independently a C wo alkyl. 

30. The composition of daim 26 wherein Y is S. 

31 . A composition comprising: 

a fluorescent cyanine dye noncovalentJy bound to a nucleic add polymer, 
the fluorescent cyanine dye having the general formula 




Y is selected from the group consisting of S and O; 
R„ is a positively charged alkyl substituent; 
R„, R, 4 and R 18 are each Independently selected from the group 
consisting of hydrogen, C, - C 10 alkyl, C, - C 10 alkoxy and C, - C„ alkytthio; 
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10 R„ IsaC-Cwalkyl; 

11 Kit and R„ are each Independently selected from the group 

12 consisting of H and C M0 alkyl, or are taken together to form a 5 or 6 membered 

13 ring; 

14 Rt, and Rjb are each independently selected from the group 

15 consisting of H and C wo alkyl, or are taken together to form a 5 or 6 membered 

16 ring; and 

17 R„ is selected from the group consisting of H, alkyl, C, - C 10 

18 alkoxy and a fused benzene. 

1 32. A composition comprising: 

2 a fluorescent cyanine dye rwncovalentty bound to a nucleic add polymer, 



the fluorescent cyarrine dye having the general formula 




5 wherein: 

6 nlsO, 1or2; 

7 Y is selected from the group consisting of S and O; 

8 R,, and R,, represent the atoms necessary to form a 5, 6, 7 or 8 
8 membered ring; 

10 Rm and R, 8 are each Independently selected from the group 

1 1 consisting of hydrogen, C, - C, 0 alkyl, C, - C 10 alkoxy and C, - C,„ alkylthio; 

12 R« is a C,- Co alkyl; 
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13 and R,, are each independently selected from the group 

14 consisting of H and C V10 alkyt, or are taken together to form a 5 or 6 membered 

15 ring; 

16 Rit and Ft., are each independently selected from the group 

17 consisting of H and C M0 alkyt. or are taken together to form a 5 or 6 membered 

18 ring; 

19 Rj, is selected from the group consisting of H, C^, alkyi, C, - C 10 

20 alkoxy and a fused benzene; and 

21 R„ is a positively charged alkyt substrtuent which may be 

22 attached to any of the atoms forming the 5, 6, 7 or 8 membered ring as 

23 represented by Ru and R„. 

1 33. A method for detecting a nudeic add sequence comprising: 

2 contacting a nudeic add sequence with a fluorescent cyanine dye to 

3 form a noncovaJentiy bound dye-nucleic acid composition, the fluorescent 

4 cyanine dye having the general formula 
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10 R,, is a positively charged alkyi substituent; 

11 R 13 , f^ 4 and R u are each Independently selected from the group 

12 consisting of hydrogen. C, - C M alkyi. C, - C 10 alkoxy and C, - C t0 alkytthio; 

13 R, fl is a C, - Cr alkyi; 

14 R 1T and R„ are each independently selected from the group 

15 consisting of H and C M0 alkyi, or are taken together to form a 5 or 6 membered 

16 ring; 

17 Rt, and R,, are each independently selected from the group 

18 consisting of H and C^ w alkyi, or are taken together to form a 5 or 6 membered 

19 ring; and 

20 R,, is selected from the group consisting of H, C M alkyi, C, - C 10 

21 alkoxy and a fused benzene; 

22 exposing the fluorescent cyantne dye bound to the nucleic acid sequence 

23 to light the fluorescent cyanine dye absorbing the light and producing a 

24 fluorescence emission; and 

25 detecting the fluorescence emission. 

1 34. The method of daim 33 wherein R„ includes an aminoalkyl chain 

2 containing a backbone of 3-42 carbons and 1-5 positively charged nitrogen 

3 atoms. 

1 35. The method of claim 33 wherein R, 2 is a positively changed cyciic 

2 aminoalkyl group having 1-5 positively charged nitrogen atoms. 

1 36. The method of daim 33 wherein R,, has the general formula - 

2 R»N(R»RjoRtt) where R* is a C M alkyi and R»R» and R,, are each 

3 Independently a C V10 alkyi. 

1 37. The composition of daim 33 wherein Y is S. 

1 38. A method for detecting a nucleic add sequence comprising: 
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contacting a nucleic add sequence with a fluorescent cyanine dye to 
form a noncovalently bound dye-nucleic acid composition, the fluorescent 
cyanine dye having the general formula 




Y is selected from the group consisting of 8 and O; 
R„ is a positively charged alkyl substttuent; 
R«. R„ and R„ are each independently selected from the group 
consisting of hydrogen, C, - C w alkyl. C, - C w alkoxy and C, - C 10 alkyHhio; 
Ri« is a C,- C* alkyl; 

Ri 7 and R,, are each independently selected from the group 
consisting of H and C v „ alkyl, or are taken together to form a 5 or 6 membered 
ring; 

R,, and R* are each independently selected from the group 
consisting of Hand Chalky!, or are taken together to form a 5 or 6 membered 
ring; and 

R»t Is selected from the group consisting of H, alkyl, C, - C,„ 
alkoxy and a fused benzene; 

exposing the fluorescent cyanine dye bound to the nucleic add sequence 
to light, the fluorescent cyanine dye absorbing the light and produdng a 
fluorescence emission; and 
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detecting the fluorescence emission. 

39. A method for detecting a nucleic add sequence comprising: 
contacting a nucleic acid sequence with a fluorescent cyantne dye to 

form a noncovalenOy bound dye-nucleic add composition, the fluorescent 

cyanlne dye having the general formula 




6 

7 nis0,1or2; 

8 Y is selected from the group consisting of S and 0; 

9 R„ and R„ represent the atoms necessary to form a 5, 6, 7 or 8 

10 numbered ring; 

11 R, 4 and are each independently selected from the group 

12 consisting of hydrogen, C, - C w alkyl, C, - C w aikoxy and C, - C 10 alkytthio; 

13 R,, is a C, - Cs, alkyt; 

14 Rn and R„ are each Independently selected from the group 

15 consisting of H and C M0 alkyl, or are taken together to form a 5 or 6 membered 

16 ring; 

17 R,, and R,,, are each independently seleded from the group 

18 consisting of H and C wo alkyl. or are taken together to form a 5 or 6 membered 

19 ring; 
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20 R* Is selected from the group consisting of H, C^, alkyl, C, - C 10 

21 alkoxy and a fused benzene; and 

22 te a positively charged alkyl substttuent which may be 

23 attached to any of the atoms forming the 5, 6, 7 or 8 membered ring as 

24 represented by Ru and Rn; 

25 exposing the fluorescent cyanine dye bound to the nucleic add sequence 

26 to light the fluorescent cyanine dye absorbing the light and producing a 

27 fluorescence emission; and 

28 detecting the fluorescence emission. 
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